Seven baby corn inbreds were crossed in a complete diallel scheme. The single-cross hybrids obtained were assessed at the São Manuel Experimental Station, in São Paulo State, Brazil. The experiment was set up in a randomized complete block design with three replications, including one commercial control. The experimental plots consisted of a single row, 5 m long, with 25 plants. The traits assessed were: number of ears/plot, weight, length and diameter of husked and dehusked ears, plant height and ear height. General and specific combining ability effects (GCA and SCA) were determined. There was genetic variability among hybrids and the best hybrid (27Ax31B) was superior to the control for number of ears/plot and weight of ears dehusked. Inbreds 27 and 29 showed the best GCA effects for number of ears/plot, weight of husked and dehusked ears. The magnitude of GCA showed that the additive effects were dominant in most traits evaluated. The existence of dominance effects was also found.
INTRODUCTION
Baby corn (Zea mays L.) is a young flowering corn ear harvested two days before silking and three days after silking, depending upon the developmental conditions of the plant and size of the ear shoot size ,denominated cob (Bar-Zur and Saadi, 1990) . It is a new product that can be consumed fresh or in cans , as it is commonly distributed in the market.
In many countries, the baby-corn production is low or practically nonexistent due to the lack knowledge about the economic potential of the product, production cost, pre and post-harvesting practices, and the appropriate use of genetic material.
In Brazil, the production of baby corn is inexpressive and still needs financial investments from producers and processing industries. The majority of the industrialized baby-corn products is imported from Thailand (Pereira Filho et al., 1998) . Sweet and popcorn cultivars have been used in the production of baby-corn due to their great acceptance by consumers (Pereira Filho et al., 1998) . However, the disadvantage in using normal commercial sweet corn or prolific dent corn for baby corn production is the fast development of the ear shoots (Bar-Zur and Saadi, 1990) . The development of cultivars suitable for grain maize (Thakur et al., 2000) is growing due to the lack of information on suitable cultivars for baby corn production. Early ripening, low height, flowering uniformity and prolificity are considered the most important traits for the production of baby corn (Thakur et al., 2000) . In addition, agronomic practices such population densities, nitrogen fertilization and detasseling have increased baby corn yield considerably. Prasanna et al. (1995) advocates that the regular and careful detasseling of plants prevent fertilization of ears for higher baby corn production. Thakur et al. (2000) observed that detasseling after emergence gave significantly higher marketable baby corn yield. In this case, the use male-sterile lines of baby corn is useful, since they do not need hybrid detasseling, production cost is reduced, breakage of fragile ears is prevented and there is an increase in marketable ears yield.
Combining ability in baby corn inbred lines (Zea mays
Little has been published on baby corn breeding procedures. The development of new hybrids for the exploration of heterosis depends on the combining ability of the lines or varieties involved in the production of these hybrids. Information on the populations "per se", as well as in hybrid combinations, is paramount for the development of basic populations improved to obtain different superior inbred lines by the heterosis presented in crosses (Delboni et al., 1989) .
Knowledge of variances of general (GCA) and specific (SCA) combining ability defined initially by Sprague and Tatum (1942) and of their interactions with different environments is useful to plan corn breeding procedures (Matzinger et al., 1959) . Griffing (1956) and other authors also proposed methods for assessing the genetic variation of lines based on the concepts of general and specific combining ability used extensively in the breeding of several economic crops.
Seven male-sterile lines of baby corn were crossed with their respective maintainer lines, in a complete diallel design, to estimate their general and specific combining ability to select superior inbreds for several traits.
MATERIAL AND METHODS
From a segregating population, maintainers plants of indigenous popcorn, destined to the production of baby corn, were selected in the Department of Plant Science (Faculdade de Ciências Agronômicas) of São Paulo State University -Botucatu (UNESP). These plants generated two populations (A and B), after five selection cycles. After a new crossing of these populations with sweet corn grains, followed by a crossing between male-sterile plants and fertile male and the self-pollination of the fertile plants, seven male sterile lines, identified as 21A, 23A, 25A, 27A, 29A, 31A and 33A and its respective maintainer lines 21B, 23B, 25B, 27B, 29B, 31B and 33B (Silva and Ikuta, 1995) , were observed in generation S 2 . All those inbred lines were crossed in a 7x7 complete diallel design. (Espindola et al., 1974) .
The experimental design used was a randomized complete block with three replications. The commercial cultivar AL-34 was used as control. The experimental plots included a single 5 m long row with 25 plants. Rows were spaced 0.9 m. Sample area were bordered by two rows of cutivar AL-34. Plots were over seeded on 28 th August and, 22 days later were thinned to the desired final planting density of 55,000 plants/ha, at the seedling stage. Weeds, diseases and insect pests were controlled by using locally recommended practices.
The experiments were periodically irrigated.
Harvesting began 84 days after seeding, when the stylo-stigma presented a length varying from 1 a 2 cm. Eight manual harvests with intervals of one day were realized.
The following agronomic traits were assessed: plant height (PH), in meters from soil surface to the base of the flag averaged for 5 competitive plants in each plot; ear height (EH), in meters from the soil surface to the first ear node for 5 competitive plants in each plot; number of ears/plot (NE), weight of husked ears (WHE); weight of dehusked ears (WDE), both estimated in ton/ha; diameter of husked ears in centimeters (DHE), diameter of dehusked ears in centimeters (DDE), both obtained from the ratio between the total diameter ears/plot and the respective numbers of ears, length husked ears in centimeters (LHE) and length dehusked ears in centimeters (LDE), both obtained from the ratio between the total length of ears/plot and the respective numbers of ears. The number of ears/plot were transformed in square root according to Steel and Torrie (1960) .
The analysis of variance was performed on all traits in the hybrids and check study, and the means were compared by the Tukey test. The general capacity (GCA) and the specific (SCA) combining abilities were estimate according to the Griffing (1956) , Method 4, model I, (fixed):
Y ij is the mean of single cross (ixj); m is the overall mean; g i , g j and s ij are general and specific combining ability effects; ε ij is the error term.
Analysis of variance and of the least significant differences by the Tukey test were performed using PROC ANOVA (SAS Institute, 1995) . The GENES program (Cruz, 2001 ) was used for diallel analyses.
RESULTS AND DISCUSSION
Hybrid means, coefficients of variation (CV%) and least significant differences by the Tukey test (LSD) are shown in the Table 1.
The best experimental precision was obtained for number of ears/plot (5.8%), followed by length of husked ears (6.2%), diameter of dehusked ears (6.3%) and diameter of husked ears (7.3%).
These traits were less affected by environmental uncontrolled variations. Other traits such as weight of husked ears and weight of dehusked ears, length of dehusked ears, plant height and ear height, CV% ranged from 10.2 to 20.0%.
All hybrids were comparable to check (AL-34) for number of ears/plot. Hybrids from 23Ax27B, Crop Breeding and Applied Biotechnology, v. 2, n. 3, p. 361-368, 2002 27Ax31B and 29Ax31B crosses were superior to the check in prolificity and did not show significant differences among them. It should be emphasized that the parental lines came from popcorn and the high prolificity is a common characteristic in popcorn populations (Gama et al., 1990) . For weight of husked ear, only the 27Ax31B hybrid was different from check.
The average highest hybrid values for weight of dehusked ear were for 25Ax29B and 27Ax31B crosses. However, these hybrids did not differ significantly from check. Average productivity yield for the 27Ax31B hybrid was 1,97 kg/ha of dehusked ear (Table 1) .
As for length of husked ears, none of the hybrids were superior to the AL-34. Hybrids from 21Ax29B, 21Ax33B and 27Ax33B crosses did not show significant differences among them (Table  1) .
As for length of dehusked ear and diameter of husked and dehusked ears there were no significant difference among hybrids and between hybrids and check ( Table  1) . The average length of the dehusked ears ranged from 7.13 cm (29Ax33B) to 10.53 cm (23Ax25B) and the diameter of dehusked ears ranged from 1.20 cm (21Ax33B) to 1.33 cm (21Ax25B, 23Ax25B, 23Ax27B, 27Ax29B, 27Ax31B and 29Ax31B). Evaluation of length and diameter of dehusked ears is important for the canning food industry. Standardized measurements for length of dehusked ears used for canned food may vary from 4.5 to 10 cm and from 0.7 to 1.7 cm for diameter (Bar-Zur and Saadi, 1990) . Therefore, all hybrids showed such traits among commercial values and will be available for use. It is important to emphasize that, in this study, the number of commercial baby corn ears/plot was not obtained. This trait is also important for the canning food industry and thus should be evaluated in future studies.
As for plant height, none hybrids showed higher height than the check (Table 1) . Hybrids from 21Ax29B, 21Ax31B, 23Ax29B, 27Ax33B, 29Ax31B, 29Ax33B and 31Ax33B crosses were not higher than the check, and did not differ significantly among them. For ear height, only the 29Ax331B hybrid showed significant difference in relation to the check with shorter height. Optimum plant height for baby corn ranges from 2 to 2.5 m, and, and for the insertion of the first ear, 0.50 m and 1,98 m to highest insertion is recommended (Kumar and Singh, 1999) . Hybrid heights ranged from 1.74 to 2.30 m and had an average of 2.07 m. First ear insertion height ranged from 0.76 to 1.20 m and had an average of 1.05 m (Table 1 ). Therefore, it is possible to select, among the evaluated hybrids, those which contribute to the decrease in ear height by indirect selection of smaller plants due to the positive correlation found among these traits (Haullauer and Miranda Filho, 1988; Merlo et al., 1988) .
The sum of the general combining ability squares (GCC) and specific combining ability (SCA) are shown in the Table 2 .
General combining ability was significant for all traits, except for length and diameter of dehusked ears. For these two traits, the parent lines did not show additive genetic value differences, therefore, the manifestation of the heterosis, or the genic complementation, is not expected among the parent lines for these traits. However, for specific combining ability, significant effect for number of ears/plot, length of husked ears and plant height and height ear was observed. For important traits such as weight of husked ears or weight of dehusked ears there was no significant effect of the specific combining ability, showing that the behavior of the best hybrids can be foreseen by using inbreds with high general combining ability.
The lack of specific combining ability indicates low genetic complementation among inbreds for alleles which show dominance (Cruz and Regazzi, 1997) .
In the present case, such fact could be explained if it were considered that tested inbreds have the same origin and are obtained from the self-pollination of one indigenous composite-cross of popcorn. On the other hand, high effects of general combining ability values show the presence of favorable genes in high frequency in some inbreds ,being them predominantly additive in their effects (Vencovsky and Barriga, 1992) .
In relationship to the type of predominant genic action, the quadratic component of the general combining ability has been superior to the specific combining ability, evidencing predominance of the additive effects in the expression of the (Table 2) . For the number of ears/ plot and length of husked ears, the dominance effects were more important, because the specific combining ability was predominant in relationship to the general combining ability. For the diameter of husked ears and ear height, the additive and dominance effects were almost equally important.
Estimates of general combining ability (g i ) of each inbred of 7 evaluated traits are shown in the Table 3 . Except for 21, 31 and 33 inbreds which showed negative effects of general combining ability for most of the traits, all the others showed mostly positive, although low in magnitude.
When important characteristics related to yield such as number of ears, weight of husked ears and weight dehusked ears were considered, 27 and 29 inbreds showed the highest positive effects and, in fact, produced the best hybrids when crossed among them or with others inbred lines (Table 1) . It should be emphasized that, since this is a fixed model, estimates of (g i ) are valid for this set of parental lines tested in this study and that in other diallelic combinations, the capacity of combination can be different depending on the genetic constitution of other parents (Vencovsky and Barriga, 1992) .
Mean squares were not significant for specific combining ability for most traits (Table 2) , indicating a similarity of such effect on different hybrid combinations, but not its lack. Therefore, estimates (s ij ) from 21 hybrids are shown in the Table 4 .
High positive estimate of (s ij ) in absolute values indicates that hybrid performance is relatively superior or inferior to parent lines general combining ability, showing the importance of non-additive interactions resulting from the complementation degree among parent lines in relation to frequency of alleles in loci with some dominance, while low estimates of (s ij ) in absolute value indicates that hybrids behave as expected in relation to general combining ability of parent lines (Vencovsky and Barriga, 1992) . In the selection of parent lines used to produce hybrids, the effect of a specific combining ability analyzed in an isolated way has a limiting value. Thus, other parameters should be considered such as the average of hybrids and general combining ability of the respective parent lines (Oliveira et al., 1998) . Therefore, superior hybrid combinations, which are important for breeding, are involved with at least one parental line which has the most favorable effect of general combining ability (Cruz and Regazzi, 1997) . Thus, it is possible to analyze the two hybrids that showed the highest yields of husked and dehusked ears, such as the 27Ax29B and 27Ax31B (Table 1) .
Husked ears yield, in the 27Ax29B hybrid, is associated with high effects of general combining ability of the 27 (g i = 1.501 ton/ha) and 29 (g j = 0.693 ton/ha) inbreds, with the low effect of the specific combining ability of two inbreds (s ij = 0.188 ton/ha). Therefore, in this case, the high productivity is not due to dominant genetic effects of inbreds but to additive effects. In the 27Ax31B hybrid it is associated with the high effect of the general combining ability of the 27 (g i = 1.501 ton/ha) inbred with one of the highest effects of the estimated specific combining ability (s ij = 2.204 ton/ ha), since 31 inbred showed lower general combining ability (g j = 0.123 ton/ha). In this case, the participation of a specific combining ability is significant for hybrid yield, contributing almost equally to the g i from both inbreds, regarding the dominance and epistasis effects (Gardner, 1963) .
For weight of dehusked ears, the results were similar to those showed by the weight of husked ears. The general combining ability effect was more significant for the 27Ax29B hybrid, while the specific combining ability effect was more significant for the 27Ax31B hybrid.
The highest positive and negative general combining ability effects for the length of husked and dehusked ears, considering the two traits simultaneously, were shown by inbreds 25 and 33, respectively (Table 3) . For the same traits, the highest positive and negative specific combining ability effects were observed for the 25Ax33B and 31Ax33B crosses, respectively (Table 4 ).
The highest positive and negative effects of the general combining ability for the diameter of husked ears and dehusked ears were observed in the 25 and 33 inbreds, respectively. For the same traits, the 25Ax31B and 31Ax33B crosses showed the highest positive and negative effects, respectively, for specific combining ability.
For plant height and ear height, most of the parents inbreds showed negative effects of general combining ability, indicating that, in average, these parents contributed to reduce the height of the plant and of the ear in crosses. For these traits, the 25 and 29 parental lines showed the highest positive and negative effects, respectively. For the specific combining ability the 25Ax31B hybrid showed the highest positive effect for plant height and ear height, while the 29Ax31B hybrid showed the highest negative effect for the same traits.
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RESUMO Capacidade de Combinação de Linhagens de Minimilho (Zea mays L.)
Cruzaram-se sete linhagens de minimilho em esquema dialélico completo. Os híbridos simples obtidos foram avaliados na Estação Experimental de São Manuel, SP, Brasil. O experimento foi instalado sob delineamento em blocos casualizados com três repetições, incluindo uma testemunha comercial. As parcelas consistiram de uma linha de 5 m com 25 plantas. Avaliaram-se os caracteres: o número de espigas por parcela, peso, comprimento e diâmetro de espigas com palha e sem palha, altura da planta e altura da espiga. Estimaram-se os efeitos da capacidade geral e específica de combinação. Houve variabilidade genética entre os híbridos e o cruzamento 27Ax31B foi superior à testemunha para as características: número de espigas por parcela e peso de espigas sem palha. As linhagens 27 e 29 apresentaram a maior capacidade geral de combinação para o número de espigas por parcela, peso de espigas com palha e sem palha. A magnitude da capacidade geral de combinação indicou a predominância de efeitos aditivos para a maioria das características avaliadas. A existência de efeitos de dominância também foi encontrada.
